Objectives: To develop a new classification method to describe incidence and prevalence of function and disability and their predictors in Chinese older adults. Methods: Data were obtained from 16,020 older adults in the 2002 wave of Chinese Longitudinal Healthy Longevity Survey (CLHLS). The subtypes of function and disability were defined by combining physical performance (PP) tests and self-reported assessments of activities of daily living (ADL). Results: The most prevalent subtype involved PP limitations without ADL dependency. Rural living made it more likely that an individual with physical performance limitations would be independent in ADL, whereas city residence made dependence in ADL more likely, regardless of whether performance limitations were present. Discussion: Self-reported 780 Journal of Aging and Health 24(5) and performance-based tools can be used in combination to estimate conceptually different subtypes of function and disability, with different epidemiological rates of incidence and different social, medical, and environmental predictors.
Introduction
China has the world's largest population of older adults, with 106.1 million people aged 65 or older in 2008, almost double that of India, the country with the second largest population (Kinsella & He, 2009 ). By 2050, China will have an estimated 459 million people over the age of 60, nearly 32% of the projected Chinese population for the same year (He, Sengupta, Zhang, & Guo, 2007) . Such tremendous growth in China's older population will require a major transformation of health care systems in that country (Flaherty et al., 2007; Harwood, Sayer, & Hirschfeld, 2004; He et al., 2007; Ofstedal et al., 2007; Yin, Dai, Xiao, & Xue, 2007) . In particular, higher rates of chronic health conditions and disability among older adults are likely to result in substantial economic and public health challenges for China.
Similar to most countries, including the United States, current estimates of unmet need and health service use among older adults in China rely heavily on self-reported difficulty and/or dependence with basic activities of daily living (ADL; Beydoun & Popkin, 2005; Gu & Xu, 2007; Gu & Zeng, 2004; Jiang, Tang, Meng, & Futatsuka, 2002; Liang, Liu, & Gu, 2001; Zimmer & Kwong, 2004) . This approach yields a limited snapshot of the full burden of disability in China, however, as it excludes those with functional performance limitations who do not yet have dependence with basic self-care tasks. Numerous researchers have demonstrated the comparable merits of performance-based protocols, such as objectivity, sensitivity, reproducibility, and sensitivity to change (Guralnik, Branch, Cummings, & Curb, 1989; Guralnik et al., 2000 Guralnik et al., , 1994 Onder et al., 2005; Studenski et al., 2003) . Researchers also have acknowledged utility in the complementary usage of self-reported and performance-based assessments for characterizing severity of disability in practice (Daltroy et al., 1995; Elam et al., 1991; Kelly-Hayes, Jette, Wolf, D'Agostino, & Odell, 1992; Kempen et al., 1996; Reuben et al., 2004) . More important, because physiological limitations and physical performance (PP) restrictions often precede and causally contribute to dependency in self-care (Guralnik et al., 1989 (Guralnik et al., , 2000 (Guralnik et al., , 1994 Reuben et al., 2004) , a measurement framework incorporating performance-based tests may greatly benefit public health systems in countries such as China, where detecting preclinical, more modifiable health limitations has extremely important health and economic implications for vast and rapidly aging populations.
Theoretical models of disability have been evolving since the 1960s (Brandt & Pope, 1997; Nagi, 1965; National Center for Medical Rehabilitation Research [NCMRR], 1993; Pope & Tarlov, 1991; Verbrugge & Jette, 1994; World Health Organization [WHO], 1980 , and a core insight of that evolution is that disability should be understood as a context-embedded outcome rather than a pure biomedical impairment. In particular, various models imply a clear boundary between disability and functional limitation, in which functional limitation refers to "individual capacity without reference to situational requirement"; in contrast, disability refers to "the expression of a functional limitation in a social context" (quoted by Verbrugge & Jette, 1994, p. 3) . Such a conceptual distinction is based on the fact that nonphysiological factors such as behavioral, psychological, social, and environmental mechanisms provide alternative intervening forces that potentially cause functional limitation to progress to disability in real living situations.
Current theory also suggests that functional limitations may not necessarily directly translate into difficulties, dependencies, and inability. Disabilities experienced in daily living also may not necessarily be attributed to physiological impairments and functional limitations. As illustration, the following scenarios are possible: (a) If persons with hemiplegia have adequate mobility and assistive devices, and appropriate housing and public transportation design, they may report little dependency with indoor and outdoor mobility, though they may not be able to successfully complete basic performancebased tests; conversely, (b) older adults who score high on objective performance tests may complain of a need for assistance in personal self-care tasks such as bathing and indoor transferring simply due to a lack of household electricity, lighting, and/or personal shower facilities. This could be especially true in developing societies. More intriguingly, it is possible that persons with minor or modest functional limitations could report more or less dependency based purely on whether resources of social support are more or less available or easier to access.
Self-reported and performance-based measurements reflect two of the main components discussed in the above disability models. Combined use of the two types of measures and the creation of new subtypes of function and disability has potential to advance our understanding of the intrinsic structure and transition of disability and associated mechanisms, potentially providing more informative prevalence and incidence data for intervention and policy making.
Theoretically projected inconsistencies between functional limitations and self-reported disability provide a basis for researchers to investigate and characterize functionally limited people who report low levels of disability and, similarly, to describe people reporting disability who have low levels of functional limitation. Investigation of the prevalence and incidence of these special subtypes of function and disability and exploration of factors associated with each should be valuable. For example, although many previous studies have identified determinants of disability, it might be more desirable to clarify those factors that help delay or prevent disability in people who already have functional limitation. It is also valuable to know why certain people with disabilities have few functional limitations and could help to identify nonphysiological and/or modifiable factors contributing to dependence. More specific information about these disability subtypes could ultimately help to tailor intervention and policy.
This study is the first population-based study to examine these specific questions with a focus on China as the country hosting the largest older adult population in the world. In this study, we combined self-reported and observed measurements to identified those with (a) isolated functional restrictions as measured by PP testing, (b) isolated self-care restrictions as measured by basic ADL limitations, and (c) those with combined limitations in PP and self-care. We then characterized the prevalence and incidence of these mutually exclusive subtypes of function and disability and examined predictors of 3-year incidence for these subtypes.
Method

Study Design
Our data came from a nation-wide survey in China, the Chinese Longitudinal Healthy Longevity Survey (CLHLS), including 631 counties/cities randomly selected from 22 of 31 provinces, and representative of 85% of the population. The survey's design has been described in previous studies, and data quality was reported as good (Gu, 2008; Zeng, 2008) . The baseline data in this study were the third wave of CLHLS in 2002. We choose the 2002 wave as baseline because it was the first wave in CLHLS to include older adults aged 65 to 79. Table 1 shows the sampling structure of the baseline data: The 2002 sample included survivors of the baseline sample (age 80+) who first entered the study in 1998 (n = 2,642), survivors from participants enrolled in To examine incidence of subtypes of function and disability, we included all participants who were free of both self-reported and performance-based limitations in 2002 and evaluated incidence of different subtypes at the 2005 follow-up. Missing values were not imputed in our statistical analyses in that the nonresponse rates, both at the unit level and item level, are low.
Variables
PP tests included (a) standing from a chair without using hands, (b) lifting a book from the floor, and (c) turning 360°. Individuals who were unable to perform one or more of these tasks independently were determined to have a PP limitation. We examined six self-reported self-care ADLs (bathing, dressing, toileting, transfers, continence, and feeding). Individuals reporting dependence with one or more ADL tasks were considered to have an ADL dependency.
Four mutually exclusive subtypes of function and disability were identified. First, those with no limitations in PP limitations or ADL tasks constituted the reference group (Subtype 0). Next, PP and ADL items were crossclassified to place individuals into one of three remaining subtypes: Subtype 1: those with observed PP limitations but no self-reported dependence with ADL items; Subtype 2: those with self-reported dependence with ADL items but no observed PP limitations; Subtype 3: those with both self-reported dependence for ADL items and observed PP limitations.
In analyses, we have included major covariates previously reported to be associated with health in later life, especially with disability of older adults (e.g., Feinglass et al., 2007; Ferrucci et al., 2003; Liang, Bennett, Sugisawa, Kobayashi, & Fukaya, 2003; Zeng, Gu, & Land, 2007) . Gender, ethnicity (Han vs. other), age (years), living environment (urban, town, or rural residence), living arrangements (with household members, institutionalized, or alone), education (years), and previous year household income per capita (yuan) were included. A four-question index of social support (range 0-12) was based on the type of person most frequently consulted about (1) daily activities, (2) general concerns, (3) illness, or (4) seeking help with problems/ difficulties. This index captured social ties that can be mobilized by an individual when instrumental and emotional support is needed. Responses were scored for household member or relative (3 points), friend or neighbor (2 points), social worker/nurse (1 point), or nobody (0 point). Cognitive status was assessed using the Chinese version of the Mini-Mental State Examination (MMSE; range = 0-30; Zeng & Vaupel, 2002) . Depression was screened with a 5-item index of depression symptoms (score 0-5), and comorbidity was recorded as a count of 23 potential medical conditions such as hypertension, diabetes, heart diseases, and stroke/cerebrovascular diseases, and so on. Proxy reports often are applied in surveys of older adults to control bias in favor of healthy people (Rodgers & Herzog, 1992) . We included a variable indicating the proxy status for the self-reported disability, and the proxy rate of the CLHLS is within normal range in comparison with other investigations on older adults (Gu, 2008) .
Statistical Analysis
Proportions were examined for categorical variables and means and standard deviations for continuous variables. Frequency data for PP and ADL tasks were examined separately by age (age 65-79 vs. age 80+). Due to the nonrandom sampling scheme, prevalence statistics are reported with weighting for age, gender, and rural/urban residence (Chinese Longitudinal Healthy Longevity Survey Research Team, 2000) . Multinomial logistic regression was used to estimate prevalence and incidence odds ratios for predictor variables for each of three different subtypes of function and disability, using persons with neither ADL dependency nor PP limitations (Subtype 0) as the reference group. Weighting method, however, was not used in regression given that inclusion of variables related to sampling selection produces unbiased coefficients without weights (Winship & Radbill, 1994) and that weighted regression results are likely to enlarge the standard errors (Hendrikx, 2002) . We used Stata/SE 10.0 (StataCorp LP, College Station, Texas).
Results
Characteristics of the Baseline Sample (Weighted Results)
As can be seen in Table 2 , the average age was 72.5 years. Approximately 47% were male, 94% were of Han ethnicity, and the majority lived in rural areas (65.0%). Most of them lived with their families (85.0%). Participants had an average of 2.6 years formal education, and previous year household income per capita was about 3,000 yuan. The average social support score was 11.0 (SD = 1.9), and mean MMSE score was 22.2. In general, depressive symptoms were minimal (0.7, SD = 0.9), and interviewees had, on average, 1.2 comorbidities (SD = 1.3). 
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Prevalence of PP and ADL Limitations
In 2002, approximately 8% of the Chinese older adults had limitations with turning 360°, whereas 9.4% and 11.6% had limitations in picking up a book from the floor and standing from a chair, respectively (Figure 1 ). Much lower levels of ADL dependency were reported (1.4% to 2.3% reported dependency for feeding, continence, transfers, toileting, and dressing) with the exception of bathing dependency (6.7%). Overall, 8.1% reported one or more limitations in ADL, whereas 18.1% were found to have one or more PP limitations. Relative patterns of prevalence were similar among those aged 80+ in comparison to adults aged 65 to 79 and with the overall cohort, though rates were much higher among older adults aged 80+ for any given type of ADL or PP limitation.
Prevalence of Disability Subtypes
As can be seen in Figure 2 , almost 79% of all participants had neither observed PP nor self-reported ADL limitations (Subtype 0); approximately 21% had one of the three subtypes. Similar prevalence was observed in the age group of 65 to 79 when we stratified by age, but among 80+ older adults, 45.4% had one of the 3 disability subtypes. By far the most prevalent disablement pattern was Subtype 1 (~13% of participants), that is, limitation in PP but not in ADL. Subtype 3 (limitation in both PP and ADL) was present in 5.1% of the Chinese older adult population, and Subtype 2 (limitation in ADL but not in PP) was the least prevalent subtype (3.0%).
Factors Associated With the Prevalence of Disability Subtypes
Column 1 of Table 3 shows that female gender, age, non-Han minority, depression symptom, and comorbid illnesses all increased the risk of having PP limitation but no ADL dependency (Subtype 1), whereas higher cognitive function and more education were protective. Interestingly, rural living (vs. urban residence) dramatically increased risk of being in the Subtype 1 disability in comparison with the reference group with no PP and ADL limitations (Subtype 0). Sociodemographic and medical covariates had a similar impact on all subtypes in comparison to the reference group, with a few important exceptions. Notably, city living made it more likely that an individual without PP limitations Journal of Aging and Health 24 (5) would have ADL dependency (Subtype 2); in fact, urban residence made it more likely that someone would have ADL dependency, regardless of whether PP limitations were present or not (Subtypes 2 and 3). Non-Han ethnicity was associated with a decreased probability to be classified as Subtype 2 and 3. Another major difference in the associates of the three different subtypes was that living with household members substantially increased the probability of having ADL dependency, regardless of whether PP restrictions were present (see protective OR's for living alone for Subtypes 2 and 3); living arrangements were not significantly associated with Subtype 1. Higher income increased the probability of reporting ADL dependence when PP limitations were present (Subtype 3).
Three-Year Incidence of Disability Subtypes
At baseline, 7,649 individuals were free of any type of disability, and over the follow-up period of 3 years, 12.7% were lost to follow-up, 20.1% died, and 67.2% survived (i.e., 5141 cases), who were eligible to be included in the incidence sample. Figure 3 shows 3-year incidence proportions for PP and ADL limitations. Patterns of incident disability for specific tasks were grossly similar to baseline prevalence, with ~5% of the Chinese older adult population and ~14% in the oldest age group reporting new ADL disability. Bathing limitations occurred most frequently; other ADL disabilities occurred at much lower rates. Incidence rates of PP limitation were far greater than those of new ADL limitations and that was especially true for the oldest age group. The majority of older adult Chinese remained free of any ADL or PP limitations at 3 years of follow-up (Figure 4) . Incidence was highest for sole occurrence of PP limitations (Subtype 1 = 16.8%) and markedly lower for concurrent incidence of PP and ADL (Subtype 3 = 3.5%) and for limitations in ADL without accompanying PP limitations (Subtype 2 = 1.4%). The overall pattern of incidence among the subtypes was similar for younger (aged 65 to 79) and older (aged 80+) age groups, but disability of the older age group was much more prevalent.
Predictors of Incident Disability Subtypes
Patterns of predictors for the incidence data were similar to the prevalence data (tabular data available upon request), but the much smaller sample of the incidence cohort resulted in fewer statistically significant results. The major difference was that living in an institution significantly increased the incidence of Subtype 1 and 3, but the effect was not significant for prevalence of these subtypes. Overall, however, the general patterns of association paralleled prevalence results, including the adverse impact of urban (vs. rural) residence on incidence of disability.
Discussion
Previous work suggests that self-reported and performance-based tools can be used together to refine the classification of function and disability in older adults (Reuben et al., 2004) . In this study, we have shown how self-reported and performance-based tools can be used in combination to estimate conceptually different subtypes of function and disability in Chinese older adults, with different epidemiological rates of incidence and different social, medical, and environmental predictors. Second, our work characterizes distinct subtypes that have not been reported in representative samples of older adults. Sample sizes in the current study were large enough to allow for predictive and controlled estimation of the impact of associates and predictors on prevalent and incident subtypes. Previous efforts at characterizing specific disability subtypes have been limited by sample sizes, which precluded full adjustment for potential confounding and estimation of meaningful predictors within different disability strata. For example, the condition of having self-reported limitations in ADL in the absence of PP limitations was previously reported to be "clinically irrelevant" (Reuben et al., 2004) . Our sample was large enough to show that, though this type of disability is indeed rare, in China it is nevertheless a meaningful disability classification group with potentially different predictors compared to healthier individuals and those with other subtypes of functional limitations and disabilities. The prevalence and incidence of different subtypes of function and disability observed in this study deserves special attention given the large size and rapid growth of the older adult population in China. In general, markedly higher rates of subtypes with functional limitation or disability were observed in the fastest-growing oldest age group (those aged 80+), where 45.4% experienced a prevalent subtype and 39.4% incurred an incident subtype over a 3-year period. It is also striking that the greatest prevalence and incidence was observed for the less severe subtype, that is, Subtype 2, and that increases in disability rates with age were greater for new dependency as opposed to new PP limitations. It is thus possible that earlier identification and intervention development targeted at the less severe subtype may effectively decrease the overall population burden of disability. The fact that self-reported dependency was much higher than performance-based limitations in the older age group (80+) could be partly explained by some characters in the Chinese older adult caring culture: Chinese people older than 80 are often regarded as frail, and household members are morally expected to pay more attentions and offer more assistance for piety concerns. Therefore, proper lifestyle education may help the oldest old group (80+) to maintain independence longer, benefitting both the older adults and their caregivers.
Overall, our findings could be as important in the United States as in China, as both countries have a rapidly aging population and most projected service need, caregiver burden, and older adult active life expectancy rely exclusively on the more traditional self-reported ADL assessments. Someone who has PP limitations but is still independent with self-care activities represents someone who likely is less costly for the health care system and possibly represents ideals espoused by many older adults to remain independent. On the other hand, an individual without PP limitations yet reporting dependency in self-care may indicate situations where physical and sociocultural environments may promote dependency despite fairly good physical abilities or undetected yet potentially treatable sensory or psychological health conditions exist that cause disability.
The subtypes identified in this study may help us to better understand the inconsistencies between functional limitations and self-reported disabilities as has been acknowledged in current disability models. This new classification of function and disability are based on the rationale underpinning WHO/ ICF (International Classification of Functioning, Disability, and Health) disability classification models, that is, that disability cannot be fully characterized by focusing on an individual's physical limitations, but must be considered with regard to different social and environmental contexts (WHO, 2001) . Moreover, our findings challenge the often-assumed notion that development of dependency in self-care has to occur via functional limitation. Our results suggest that various contextual factors may disturb such a pathway and it is likely that at least some people reporting dependency may not have any major physical limitation. This new classification may provide new opportunities to better explore "modifying factors" (Verbrugge & Jette, 1994) or "contextual factors" (WHO, 2001) in established disability models.
One novel and important finding in this study was that different cultural, social, and environmental factors in rural and urban regions of China were associated with different subtypes of function and disability. Rural residence promoted independence in ADLs even when performance limitations were present, whereas city residence increased the risk of reported dependence even when performance limitations were absent. Although specific aspects of rural-urban differences were not investigated in details here, there may be physical and/or sociocultural characteristics of Chinese rural environments that lead individuals to report less dependency in the face of physical limitations. For instance, the less polluted environment and the lifestyle of agricultural production may encourage more physical activities among these older adults so that the dependence was delayed or avoided; lack of public transportation system or walking-assistance facility may make rural older adults more adaptive to keep independent in mobility, though they have developed certain physical limitations; the huge immigration of young rural workers into urban areas often leaves many older adults living without enough social support and, thus, force them to remain independent; and the underdeveloped socioeconomic and medical conditions in the Chinese rural regions may lower expectation of life quality for local older adults and reduce their reports of dependency when physical limitation is present. A more delicate issue is that urban Chinese older adults may actually tend to report dependency as a marker of "successful aging." Whereas Western standards of successful aging often emphasize the capacity to maintain functional independence, many Chinese older adults may view dependence on their families and their families' "willingness to meet their needs" as a sign of successful aging (Torres, 1999) .
The effect of urban residence on old age dependency may have serious implications for China. Urban populations worldwide are growing at a faster rate than rural residents, but particularly in China because of rapid urbanization and large rural-urban migration (Shen, Feng, & Wong, 2006; Zhang & Song, 2003) , which by the end of 2008 will cause the urban population growth in China to equal the total population growth in this country throughout recorded history (United Nations Population Fund, 2007) . Overcrowding, poverty, greater levels of pollution or environments that preclude safe recreation and/or physical activity have all been proposed as possible explanations for why city residence might promote dependency in aging (Feng, Purser, Zhen, & Duncan, 2011; United Nations Population Fund, 2007; Zeng, Gu, Purser, & Hoenig, 2007) . There could alternatively be substantial unmet needs in rural environments if the low self-reported dependence in ADLs is not due to better health per se but due to inadequate resources available to allow physically limited individuals to depend on others or on equipment for assistance. Further research on the natural history of these disability subtypes is needed to better understand their meaning and impact.
This study had several limitations. First, although it provides useful data on the current population prevalence and short-term incidence of disability, causal effects of the disability subtypes on important health outcomes need to be determined. An additional limitation is that the study sample was characterized by survivors as well as new participants from previous waves of CLHLS. Although comprehensive in terms of geographical coverage, the sample it is not a random sample of the Chinese population. Nevertheless, based on our weighted estimates, the relative ordering of prevalence rates for individual tasks (e.g., high rates of bathing disability compared to other ADL tasks) appears comparable to representative samples in other countries. We believe these weighted estimates give the most representative and detailed estimates to date of old-age disablement in China. Next, though our incidence study covered a period as long as 3 years, we are still unable to collect information on all possible episodes of disability transitions during this period, which may bring some bias in our estimation. Moreover, only the transition toward functional limitation and disability has been discussed in the article, not the other way around. In addition, the three performance tests used in this study primarily target motor skills. It is possible that other performancebased tests that target function of other organ systems such as cardiopulmonary and sensory functions would provide additional value in the classification of disability.
In conclusion, this study provides important and unique data identifying subtypes of function and disability that appear to represent clinically distinct entities and also provide critical support for the disability model with regard to the inconsistencies between functional limitations and self-reported disability. We believe the use of performance tools in combination with the more traditional self-reported tools may help to better understand and risk-stratify substantively different and clinically relevant disablement groups, especially at potentially earlier stages of limitation (e.g., Subtypes 1 and 2)-when subtype-specific interventions could be particularly effective at preventing dependency and reducing personal and public health costs in this rapidly growing sector of the Chinese, and world, population. 
